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Abstract. The article is devoted to topical applied issues, the application of methods of intermittent ventilation of
industrial buildings using a digital data transmission system. The requirements for the parameters of the environment are
determined, which include: composition, purity, temperature, air humidity, the content of positive and negative ions, the
presence of fields of various origins (thermal, optical, biological, gas, and electromagnetic). The authors of the article argue
that some of the listed parameters can be supported by ventilation and air conditioning (SCA) systems.
It is shown that when the controlled parameters are limited to a multidimensional area, the SCA control algorithms
should provide for the procedure for moving and changing the air parameters, which is carried out by the transition of the
outdoor air parameters to the parameters of the air supplied to the room.
To minimize operating costs during the cold season, the air supplied to the room should be kept at the minimum
allowable enthalpy. And in the warm season at the maximum allowable level. Based on these criteria, a technological process
for stabilizing parameters, algorithms and equipment is selected as a SCA as a whole for automation systems.
It is shown that with such a periodic switching on of the system, fluctuations in the microclimate parameters occur.
Air temperature and CO2 concentration are subject to the greatest variability. The ventilation process should be controlled
based on the control of these two parameters of the air environment of the room, the changes of which should not go beyond
the permissible limits.
To study the dynamics of the concentration of CO2 in the air of the room, it was found that at T = 1˚C the
concentration of CO2 with intermittent ventilation operation does not disturb the comfortable conditions in the premises. To
improve the quality of SCA operation, the authors of the article proposed an algorithm and technical means based on fiberoptic elements, which constitute a digital multiplexed system for collecting and distributing information about temperature
and humidity in vegetable storage rooms.
Keywords: enthalpy, ventilation, air conditioning, temperature, humidity, microclimate parameters, intermittent
ventilation, humidity control system, digital data transmission system, NRZ code.
Aннотация. Мақола рақамли маълумотларни узатиш тизимидан фойдаланган ҳолда саноат биноларини
вақти-вақти билан шамоллатиш усулларини қўллаш каби долзарб амалий масалаларга бағишланган. Aтроф муҳит
параметрларига қуйилган талаблар аниқланган, уларни қуйидагиларни ўз ичига қамраб олган: ҳавонинг тозалиги,
ҳарорати, намлиги, мусбат ва манфий ионларнинг таркиби, келиб чиқиши, турли хил (термал, оптик, биологик, газ,
электромагнит) майдонларнинг мавжудлиги. Мақола муаллифларининг таъкидлашича, санаб ўтилган
параметрларнинг баъзилари шамоллатиш ва ҳавони тозалаш тизимлари (ШҲТТ) томонидан назорат қилиниши
мумкин.
Кўрсатилганидек, хонага етказиб берилаётган хавониг бошқариладиган параметрлар кўп ўлчовли майдон
билан чекланган бўлса, ШҲТТ бошқарув алгоритмлари ташқи ҳаво параметрларининг ички ҳаво параметрларига
ўтиш йўли билан амалга ошириладиган ҳаво параметрларининг ҳаракатланиши ва ўзгариши тартибини
таъминлаши керак.

CONTROL OF TECHNOLOGICAL PARAMETERS
Совуқ мавсумда эксплуатация харажатларни минималлаштириш учун хонага етказиб бериладиган ҳаво
минимал рухсат етилган энталпия даражасида сақланиши керак. илиқ мавсумда эса максимал рухсат этилган
даражада. Ушбу мезонларга асосан параметрларни, алгоритмларни ва ускуналарни барқарорлаштириш учун
технологик жараённи автоматлаштириш тизимлари учун ШҲТТ танланади.
Тизимнинг бундай даврий ёқилиши билан микроиқлим параметрларининг ўзгариши содир бўлиши
кўрсатилган. Ҳавонинг ҳарорати ва CО2 концентрацияси енг катта ўзгарувчанликка боғлиқ. Шамоллатиш
жараёни хонанинг ҳаво муҳитининг ушбу иккита параметрларини бошқариш асосида бошқарилиши керак, уларнинг
ўзгариши рухсат етилган чегаралардан ошмаслиги кераклиги айтиб ўтилган.
Хона ҳавосидаги CО2 концентрациясининг динамикасини ўрганишда Т = 1˚C, CО2 концентрациясининг
узлукли шамоллатиш биноларда қулай шароитлар бузилмаслиги аниқланди. ШҲТТ операциясининг сифатини
ошириш учун мақола муаллифлари оптик толали елементларга асосланган алгоритм ва техник воситаларни
таклиф қилдилар, улар сабзавотларни сақлаш хоналарида ҳарорат ва намлик тўғрисида маълумот тўплаш ва
тарқатиш учун рақамли мултиплексли тизимни ташкил етадилар.
Калит сўзлар: энталпия, вентиляция, кондиционер, ҳарорат, намлик, микроиқлим параметрлари,
интервалгача шамоллатиш, намликни назорат қилиш тизими, рақамли маълумотларни узатиш тизими, НРЗ коди.
Аннотация. Работы посвящена актуальным прикладным вопросам применения методов прерывистого
вентилирования производственных помещений с использованием цифровой системы передачи данных. Определены
требования к параметрам, окружающей среды, к которым отнесены: состав, чистота, температура, влажность
воздуха, содержание положительных и отрицательных ионов, наличие полей различного происхождения
(тепловые, оптические, биологические, газовые и электромагнитные). Авторы утверждают, что некоторые из
перечисленных параметров могут поддерживаться системами вентиляции и кондиционирования воздуха (СКВ).
Показано, что, когда регулируемые параметры ограничены многомерной областью, алгоритмы управления
СКВ должны предусматривать порядок перемещения и изменения параметров воздуха которое осуществляется
переходом параметров наружного воздуха в параметры воздуха, подаваемого в помещение.
Для минимизации эксплуатационных расходов в холодный период года, подаваемый в помещение воздух
должен поддерживаться на уровне минимально допустимой энтальпии, а в тёплый период – на уровне максимально
допустимой. Исходя из этих критериев выбирается технологический процесс стабилизации параметров,
алгоритмы и оборудование как СКВ в целом.
Показано, что при таком периодическом включении системы происходят колебания параметров
микроклимата. Наибольшей изменчивости подвержены температура воздуха и концентрация CO2. Управление
процессом проветривания следует вести на основе контроля этих двух параметров воздушной среды помещения,
изменение которых не должно выходить за допустимые пределы.
Для изучения динамики концентрации СО2 в воздухе помещения установлено, что при Т=1˚С концентрации
СО2 при прерывистой работе вентиляции комфортные условия в помещениях не нарушаются. Для повышения
качества работы СКВ предложен алгоритм и технические средства на основе волоконно-оптических элементов,
составляющих цифровую мультиплексированную систему сбора и распределения информации о температуре и
влажности в помещениях овощехранилищ.
Ключевые слова: энтальпия, вентилирование, кондиционирование воздуха, температура, влажность,
параметры микроклимата, прерывистая вентиляция, система контроля влажности, цифровая система передачи
данных, NRZ код.

Introduction
The main standardized air parameters in the room are temperature, humidity, speed, gas
composition, and the presence of mechanical dust particles.
It is possible to create the optimal composition of the air environment by removing excess heat,
gas and moisture, dust and adding the required amount of fresh air, which must first be prepared (cooled
or heated, dried or humidified).
Optimal air parameters are a combination of conditions that are most favorable for people's wellbeing (area of comfortable air conditioning), or conditions for the correct course of the technological
process (area of technological conditioning) [1,2].
Fiber-optic multiplexed is the main purpose of a digital data transmission system for converting
parallel types of information into a serial type, transmitting them over a fiber-optic line path and
asymmetric serial-to-parallel conversion.
It is known that the greatest complexity of technological process control arises when the
controlled parameters are limited to a multidimensional region, for example, a polygon. The VACS
control algorithm should provide for the order of movement and change of air parameters in the area
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bounded by this polygon, i.e. to carry out the transition of the initial set of parameters (outdoor air) into
a new set of parameters (air supplied to the room) [3].
Moreover, such a process should take the shortest path. So, operating costs will be minimal if,
during the cold period of the year, the state of the air supplied to the room is maintained at the level of
the minimum allowable enthalpy, and during the warm period at the level of the maximum allowable.
Based on these and other criteria, the technological process of parameter stabilization, algorithms and
equipment of both VACS in general and automation systems in particular is selected [4,5,6].
Materials and methods.
With intermittent ventilation of the premises, the system operates only in the outside air. The
periodic operation of the system reduces the total time of its operation during the day, due to which
energy savings are provided. Calculations show that, despite the absence of internal air recirculation,
with periodic ventilation, heat is saved for heating the outside air. Frequent switching on of ventilation
affects the linearity of the microclimate control points. The air flow temperature and gas content are
more sensitive to changes in parameters. When using a ventilation system to exchange air flow in the
storage, these two parameters must be taken into account in order to prevent violation of the set mode.
(Figure 1).

Fig. 1. Fluctuations in microclimate parameters.

When determining the change in the amount of air gas content in the storage, analyzes were
carried out at all difficult-to-blow points in the course of some intermediate time. Gas concentration
measurements were carried out in the laboratory. It is proven that if D = 1 hour the amount of air pollution
in the storage does not violate the established microclimate parameters.
For the air exchange system to function, it is necessary to determine what changes in the
atmosphere and CO2 gas concentration at the temperature of the ventilated air flow in the storage facility
should be calculated. Ventilation of the room and the time for Z to reach the CO 2 concentration in the
gas are reduced.
О

𝑂

𝐿

Со = 𝐿 + 𝐶н + (Сп − Со − 𝐿 ) 𝑒 −𝑉𝑍 ,
(1)
where O is the intensity of the emitted carbon dioxide, g / h; Сн and Сп - concentration of CO2 in the
external tidal air and the maximum allowable, g/m 3; L is the external air consumption, m3/h; V is the
volume of the room, m3.
During the break between airings, the concentration of carbon dioxide increases and by the end
of the break of duration Zп is equal to:
𝑂
Сп = Со + 𝐿 𝑍п .
(2)
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An analysis of formula (2) shows that the value (Сп—Со) during the ventilation period reaches a
value close to the maximum at nZ = 3 (n = L / V is the air exchange rate) and remains practically
unchanged at nZ> 3. This allows you to determine the duration of the ventilation period h and the interval
h between switching on the system.
𝑍 = 3/𝑛,
(3)
𝑉(𝐶п −Сн )
1
𝑍п =
− 𝑛.
(4)
𝑂
The deviation from the parameters of the air flow temperature in the storage for a given air
exchange is determined by the supply temperature. The permissible temperature difference between the
internal and supply air tв—tпр is determined with periodic ventilation according to the formula.
1+3𝛬/𝐿
𝑡в − 𝑡пр = 𝛥𝑡в
,
(5)
𝐿
𝑇
𝐿
1+0,33 +0,1√ (1+0,24 )
𝛬

24

𝛬

where 𝛥𝑡в is the permissible deviation of the air temperature during working hours; T = Z+Zп - system
operation period;
The value of 𝛥𝑡вis taken with a minus sign in the room heating mode and with a plus sign when
the room is cooled.
The total operating time of the system per day is determined by the total value of the value Z for
each period T. The break time Zп, and, therefore, T depend on the flow of carbon dioxide into the room
or, in relation to public buildings, on the number of people in the room. In the general case, the number
of carbon dioxide emissions can be variable, therefore the time Zп and the period T during the working
day will be variable [7,8].
If during the total operating time of the room 𝛥Z the number of operating units and machines in
it is unchanged, the number of starts will be equal to: N =𝛥Z/T, and the total operating time of the system
𝑍
𝛥𝑍𝑐 = 𝑁𝑍 = 𝑍+𝑍 𝛥𝑍
(6)
п

Intermittent operation can be performed manually or via a time relay. In this case, the number of
starts, the duration of operation and the duration of the break in operation are calculated.
The authors considered alternatives; H. the ability to automatically control the system. At the
same time, CO2 and air temperature sensors should be installed in the room. The signal to turn on the
system is to reach the maximum permissible concentration of carbon dioxide. Temperature sensors send
a pulse to another control loop and limit changes in air flow temperature.
Let’s evaluate the parameters of intermittent ventilation for the fruit storage. Volume V=2500
3
m , calculated air exchange L=18000 m3/h, CO2 emission at full filling M = 9000 g / h, maximum
permissible concentration of carbon dioxide in the outdoor air Сн = 0.75 g/m3, = 4000 W/°C.
With an air exchange rate n = 18,000/2,500 = 7.2, the duration of the ventilation period according
to formula (3) is Z = 3/7.2 = 0.42 h. The break between airings at 100% filling the storage according to
the formula (4) is equal to:
2500(3−0,75)
1
𝑍п =
−
= 0,49ℎ.
(7)
9000
7,2
This value depends on the storage capacity and is equal to 2.99 h at 20% filling, 1.11 at 50%,
and 0.64 h at 80%. Accordingly, with a change in occupancy, the period T and total duration of work.
At 20% filling T = 3.41 h, 𝛥Zc = 0.12 𝛥Z, at 50% T = 1.53, Zc = 0.27 𝛥Z, at 80% T = 1.06, 𝛥Zc = 0.4
𝛥Z, and when the room is completely filled, T = 0.91 and 𝛥Zc = 0.46𝛥Z.
The temperature difference between the internal and the supply air according to the formula (5)
at 100% filling is equal to
𝑡в − 𝑡пр = 𝛥𝑡в

4000
18000
18000
0,91
18000
1+0,33
+0,1√
(1+0,24
)
4000
24
4000

1+3

= 0,66𝛥𝑡в,

(8)

The block diagram of a multiplexed fiber-optic digital information transmission system has the
following practical complete modules: information transfer sensor-converter - DPIP, fiber-optic blocks
- FOB; receiver-converter - RC.
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19-channel multifunctional universal register (UR), the task of which is to transform the parallel
type of information further into the NRZ code type; a code converter (CC), the purpose of which is to
convert a digital serial stream in the NRZ code into a serial digital stream in the Manchester format code;
a generator unit (GU), providing control of a multifunctional register (MR) and a code converter (CC);
functional matching device (FMD), required for matching at the input of the MI-8-3 transmitter with any
basic TTL circuits, as well as for removing distortions and forming the front and sang short pulse signals
with a duration of up to 8 ns. The functional matching device has two equilibrium information inputs
(Bx1, Bx2) and one control input (Bx3) for organizing the permission or prohibition of information
transfer via both signal inputs; amplitude limiter (AL), performing the task of limiting the amplitude of
pulse signals on. exit FMD; an emitter follower (EF), which plays the role of a buffer cascade between
AL and PCG; a pump current generator (PCG) designed to generate an injection current corresponding
to the code sequence of the transmitted information and control the emitter; the emitter (13), which
converts the electric current of the GHP injection into the luminous flux of energy of light quanta [9,10].
The receiver-converter consists of: a fat-receiving device (FD), which converts the luminous flux
into an electric current; a transimpedance amplifier (TIA), which is a signal current (FD) converter into
a signal voltage (in this case, the signal is integrated); a corrector amplifier (CA), designed to amplify
and restore the shape of the pulse voltage signal; a threshold device (ThD) designed to generate a digital
signal in TTL levels and reduce changes in the duty cycle of the output signal in the dynamic range I58-3; input device (ID), designed to convert the digital sequence in the Manchester code, coming from
the ThD, into a serial digital code, as well as to extract the clock frequency of the 𝑓т=8MHz from this
digital sequence: a serial-to-parallel converter (SCC), which forms from a serial the format of digital
data coming from the input device in the NRZ code, in the nineteen-channel parallel data format, as well
as for the allocation of the recording pulse "Imi.zap."; memory register (MR), used to record and store
information entering the SCC and issuing oa to the system output.
The parallel input channels (AI-AI9) of the universal register (UR) receive digital information.
Simultaneously with the generator equipment (GE), the clock frequency 𝑓т=8MHz is supplied to the
clock inputs of this register and the write pulse (WP) With a period T пер. = 5mks to the input "Mode
selection" of the UR.
Synchronous parallel input of information is carried out when the logic level "I" is applied to the
input "Mode selection" of the UR. With the arrival of the clock period, the register is filled. At the end
of the write pulse, under the influence of the clock frequency, information is sequentially output from
the UR in the NRZ code.
This pulse sequence (in NRZ code) is fed to the PC input. At the same time, a double clock
frequency 2 f т= 16 MHz is fed to the other input of the PC with GE. The PC generates a serial code like
"Manchester" from the NRZ. A digital pulse sequence in the Manchester code is fed to one of the
information inputs of the FMD block, and a logical "O" or zero potential must be fed to the second
information input. Pa control input is supplied with a logical "I" in the case of "enable" or a logical "O"
in the case of a "prohibition" of information transmission. At the output of the FMD, the pulse signal is
limited in amplitude using LA. Then the pulse signal limited in amplitude is fed through the EF to the
GHP, which controls the emitter (E). At the output of the emitter we obtain a luminous flux modulated
by a pulse sequence. This luminous flux enters the fiber optic module.
The modulated luminous flux, falling on the photosensitive area of the FD, is converted by the
latter into pulses of electric current, which are fed to the input of the TIA. The latter is a broadband DC
feedback amplifier with low noise and high input impedance. From the output of the TIA, the voltage of
the amplified and integrated signal is fed to the input of the CC, which, being a differentiating amplifier,
restores the shape of the signal to a pulse voltage.
ThD, made on the basis of a sensitive voltage comparator, connected according to the Schmidt
trigger circuit, converts the analog signal from the output of the CA into a digital signal at TTL levels
At the output of the receiving module (MF-8-3) we have direct and inverse pulsed voltage signals
corresponding to the optical signal in the Manchester code. This digital sequence comes to the input of
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the ID. The input device converts the Manchester code into NRZ and selects 𝑓т=8. The serial NRZ code
is fed to the input of the "Information input" SCC of the control panel operating in shift mode. Pulse
sequence and with the arrival of the next information frame, a comparison of the two received frame
sequences of pulses occurs. When the information is correctly received, the SCC generates a write pulse
"Imp.rec." arriving at the input "Mode selection" of the memory register (MR). clocking inputs of the
RP, the received information is written in parallel into this memory register for its issuance to the output
connector of the receiver-converter [11,12,13].

Fig. 2. Functional diagram of a digital data transmission system.

At the output of the receiving module (MF-8-3) we have direct and inverse pulsed voltage signals
corresponding to the optical signal in the Manchester code. This digital sequence comes to the input of
the ID. In the input device, the Manchester code is converted to NRZ and fт=8 is extracted. The serial
NRZ code is fed to the input of the "Information input" of the control panel operating in shift mode.
The serial NRZ code is fed to the "Input Information" input of the SCC operating in shift mode.
At the same time, the clock frequency with ID is supplied to the clock inputs of the SCC. At the moment
of time, after filling the SCC with an information pulse sequence and with the arrival of the next
information frame, a comparison of two received frame sequences of pulses is performed. If the
information is correctly received, the SCC generates a write pulse "Imp.rec.", Which is fed to the "Mode
Select" input of the memory register (MR).
Results
Based on the results of the studies carried out, the following results can be summed up that the
determining parameter for choosing the number of switching on and the duration of ventilation operation
seems to be a change in the concentration of CO 2 gas. In addition to the antecedent conditions on the
operating mode of the system, it prescribes fluctuations in air temperature.
Calculations when the room is filled less than 100% show that it 𝑡в − 𝑡пр practically does not
change. At D/v = ± 1.5, the temperature difference between the indoor and outdoor air should not be 1
°C. The sign of the difference (𝑡в − 𝑡пр ) depends on the thermal load on the system, i.e., whether the
system should assimilate excess heat or compensate for heat deficiencies. In turn, the heat load on the
ventilation system is determined by the operating mode of the heating system.
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Conclusion
To increase the performance of air conditioning systems, the algorithm and technical means of
fiber-optic elements that form a multiplex digital data collection and transmission system were
considered. The proposed digital data transmission system has many applications: multiplex systems for
collecting and distributing data; information systems for communication between machines; computers
with advanced external devices; automated command and control systems. Optical fiber multiplexing is
the main purpose of a digital data transmission system for converting parallel data types to serial types,
transmitting them over an optical line and converting them asymmetrically.
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